Polymer blends of polypropylene (PP) and high density polyethylene (HDPE) were prepared in a single screw extruder. The blend ratios of PP/HDPE were set at 80/20 and 50/50. Ethylene vinyl acetate (EVA) was used as a blend modifier at contents of 0, 1, 3 and 5 phr. PP/HDPE blends were fabricated to slit yarn by the single screw extruder equipped with slit die. The effects of PP/HDPE blend ratios and EVA contents on properties of the blends were analyzed. Melt flow index (MFI) of the blends decreased when incorporated with HDPE. DSC results showed two melting temperatures of PP and HDPE separately which indicated that these blends were immiscible at various contents of EVA. Crystallinity of PP in the blends increased with increasing HDPE contents with regardless on EVA contents. However, the crease recovery of the PP/HDPE blends slit yarn increased with increasing EVA contents.
Introduction
Polypropylene (PP) is commodity plastic, which has been most utilized in the present day. There are various applications of PP such as kitchenware, packaging, automotive parts, fiber, yarn and non-woven [1] [2] [3] [4] [5] . PP is a low cost materials, light weight, anti-bacteria property and good wear. For textile applications, PP has been widely use as carpet, mat or non-woven for medical device. However, PP is low crease recovery, which could limit for using in wider applications.
Crease recovery is ability of a creased or wrinkled yarn and fabric to recover its origin shape over time or from the forced deformation [6] [7] . This characteristic is very important for fabrics and yarns for textile applications in order to maintain their structure after bending or twisting. Crease or recovery management could be applied for shape memory composites for specific applications [8] [9] . The recovery of textile fabrics from creasing depends on the elastic recovery of the fibers [2] . Bhardwaj and Juneja [10] studied the mechanical and physical properties including crease recovery of jute viscose/polyester and cotton blended yarns. In this study, the crease recovery of jute viscose/polyester fabrics increased with incresed jute viscose ratio. Zhao et al. [11] studied on factors effecting for recovery of poly(trimetylene terephthalate) (PTT) shape memory fabrics. This research reported that force was the main factor in PTT shape memory fabrics recovery mechanism for the fabrics to teturn to their initial shapes. Zhao et al. [12] developed PTT/poly(ethylene terephthalate) (PTT) bicomponent filament for seamless garments. They reported that the fabric made of the PTT/PET bi-component filament has better dimensional stability, better elastic recovery property and better wrinkle resistanced than polyurethan/polyamide core-spun yarn.
This study aims to improve crease recovery of PP by blending with high density polyethylene (HDPE) and using ethylene vinyl acetate (EVA) as an internal blend modifier. The effects of PP/HDPE blend ratios and EVA contents on properties of the blends were investigated from the blends slit yarn.
Experimental

Materials
Polypropylene (PP 500N) was supplied by HMC Polymers Co., Ltd., Thailand. The melt flow rate (MFR) was 12 g/10 min. High density polyethylene (HDPE) (H5480S) was kindly supplied by SCG Chemicals Co., Ltd., Thailand. The MFR was 0.8 g/10 min. Ethylene vinyl acetate (EVA) (Polene MV1055) was supplied by TPI Polene Pub., Co., Ltd., Thailand. Vinyl acetate content was 28%. The MFR was 8 g/10 min.
Sample Preparation
The ratio of PP/HDPE blend was set at 80/20 and 50/50 by weight ratio with varied EVA contents at 0-5 phr (part per hundred resins by weight). PP, HDPE and EVA were compounded in a single screw extruder. The barrel temperature was set at 170-190 C with screw speed of 60 rpm. After pelletized, the blends was fabricated to slit yarns by the single screw equipped with slit die at the barrel temperature of 170-190 C and screw speed of 50 rpm. The take up speed was 5 m/min.
Characterization
Melt flow index was tested according to ASTM D1238 at 190 C by using a melt flow tester (Time Group Inc., XRL-400A).
Thermal properties of polymer and their blends were analyzed by using a differential scanning calorimeter (NETZSCH, DSC200F3). The specimens were heated from 30 to 200 C under nitrogen atmosphere. The heating and cooling rates were set at 10 C/min. Crystallinity of PP and HDPE in the blends was calculated from the following equation 100 100 % f f c H H X (1) Where Xc = Crystallinity (%) H f = Heat of melting of polymer H f100 = Heat of fusion of 100% polymer crystallization H f100 of PP was 209 J/g [13] and H f100 of PE was 293 J/g [14] .
Morphology of the blends was characterized by observing the tensile fractured surface of the specimens. Scanning electron microscope (JEOL, JSM-5410LV) was used for surface observation. Gold was sputtered onto the specimens for electron conductivity.
Tensile properties were carried out by using a universal tensile testing machine (LLOYD, LR10K). The extension rate was 50 mm/min. Crease recovery is ability of a creased or wrinkled yarn and fabric to recover its origin shape over time. The test was performed by using Monsant crease recovery twester (Daiei Kagaku Seiki MFG. Co., Ltd.) according to AATCC 66-2003 with a standard weight of 500 g. The crease recovery was calculated by the following eqution 100 180 (%) recovery Crease
Results and Discussion
Melt flow index of the blends
Melt flow index (MFI) of polymer and their blends was measured at 190 C. MFI of PP, HDPE and EVA was 5.0, 0.8 and 5.5 g/10 min, respectively. From the results, HDPE was the most viscous and difficult to flow. Fig. 1 presents MFI of PP/HDPE blends at various EVA contents. MFI of PP/HDPE blend at the ratio of 80/20 was higher than the PP/HDPE (50/50) blend, which due to a higher content of HDPE in this blend. MFI of all blends slightly increased with increasing EVA contents. It can be noted that MFI values of these blends were lower than the MFI of PP and would decrease when increasing HDPE and EVA contents in the blends.
Thermal properties of the blends slit yarn
Thermal properties and crystallinity of polymer and the blends are tabulated in Table 1 and Table 2 , respectively. From Table 1 , melting temperatures (T m ) of PP and HDPE in the blends were lower than neat polymer, which might be due to different order of crystal orientation [15] of PP and HDPE in polymer blends which regardsless on the blend ratios and EVA contents . However, there are two T m s in the blends with related to T m of neat polymer. Thus these blends were immiscible. From the results in Table 1 , crystallization temperature (T c ) of PP was 109 C while T c of HDPE was 115 C. After compounding, the PP/HDPE blends exhibited one T c , which indicated that PP would crystallize faster in polymers blends and HDPE presented as nucleating site for PP crystallization. The results could be confirmed by higher crystallinity of PP in the blends as compared to neat PP as shown in Table 2 . However, crystallization of HDPE was retarded, which indicated by lower crystallinity of HDPE in the blends as compared to pure HDPE. 
Morphology of the blends slit yarn
Morphology of the blends is depicted in Fig. 2 . SEM photographs reveal rough and elongate surface of all PP/HDPE blends, which exhibited ductile fractured surface. It can be seen that PP/HDPE (50/50) blends were more ductile than 80/20 blends in both without and with EVA. Moreover, the blends were more elongate after adding EVA. 
Mechanical properties of the blends slit yarn
The effect of blend ratio and EVA content on properties of PP/HDPE blends slit yarn is shown in Fig. 3 to Fig. 5 . Both tensile modulus and tensile strength of 80/20 blends were higher than 50/50 blends as presented in Fig. 3 and Fig. 4 , respectively. It was attribute to HDPE is lower stiffness than PP. Therefore, higher contents of HDPE in the blends would obtain a blend with lower tensile modulus and tensile strength values. In addition, tensile modulus and tensile strength of the blends decrease when increasing EVA contents, which due to elastomeric effect from EVA. However, the blends would be softer and more elongate when increasing HDPE and EVA contents in the blends, which can be seen from SEM results. Therefore, crease recovery of the blends slit yarn was significantly improved as shown in Fig. 5 . 
Conclusions
The effect of blend ratio and EVA contents on properties of PP/HDPE blends slit yarn and compression moled samples was elucidated. High contents of HDPE in the blends effect on decreased MFI of the blend system. HDPE acted as nucleating site for PP to crystallize in polymer blends, which resulting in an increment of crystallinity of PP in PP/HDPE blends. The improvrment in crystallinity would enhance stiffness of the blends. SEM photographs show ductile morphology in the blends. Tensile modulus and tensile strength of the blends slit yarn were depend on both HDPE and EVA contents in the blends. Modulus and strength of the blends decreased when increasing HDPE and EVA contents. It can be noted that crease recovery of the blends slit yarn was improved when adding HDPE and EVA. 
